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.2012.08.0Abstract The concentration of some heavy metals (Fe, Mn, Cu, Zn, Pb, Cd and Hg) in certain
common ﬁsh species, meat and meat products collected from four major industrial and urban cities
(Tabouk, Riyadh, Damamm and Jazan) in Kingdom of Saudi Arabia were assessed using atomic
absorption spectrophotometer. The obtained results declared that concentrations of major studied
metals were exceeding than the recommended maximum acceptable levels proposed by the Joint
FAO/WHO and EC Committees. Meat products were found to contain the highest metals values
especially sausage (242.44, 18.51, 15.43 and 0.125 lg/g for Fe, Cu, Pb and Hg, respectively), lun-
cheon (32.67, 73.94 and 4.08 lg/g for Mn, Zn and Cd, respectively). While camel’s meat maintained
the lowest values of most studied metals. With respect to different studied districts middle and
eastern districts showed high metals concentrations due to the polluted air with industrial activities.
ª 2012 National Institute of Oceanography and Fisheries. Production and hosting by Elsevier B.V. All
rights reserved.Introduction
Fish, meat and meat products are important for human diet in
many parts of the world because they contribute to solve the glo-
bal food problem and provide the well known proteins, minerals,
vitamins and trace element contents. Concern about the effects of
anthropogenic pollution on the ecosystems is growing. Heavy
metals fromman-madepollution sources are continually released
into the aquatic and terrestrial ecosystems. Contamination withom (A.S. Alturiqi).
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03heavymetals is a serious threat because of their toxicity, bioaccu-
mulation and biomagniﬁcations in the food chain (Eisler, 1988).
In recent years, much attention has been focused on the concen-
trations of heavy metals in ﬁsh and other foods in order to check
for those hazardous to human health (Farkas et al., 2003;
Mansour and Sidky, 2002; Moiseenko and Kudryavtseva,
2001). Samples of beef, veal, pork, chicken and horse-meat were
analyzed for Ca, Cu, Fe, Mg, Mn, Ni, Zn, Cd and Pb by Hecht
and Kumpulainen (1995). Furthermore, Mn, Cu, Zn, Fe, Cd,
Hg and Pb concentrations were determined in liver, kidney and
muscle meat of ducks, geese, chickens, hens, rabbits and sheep
slaughtered in the northern part of Poland (Falandysz, 1991).
Mineral and heavy metal contents of retail meat and meat prod-
ucts were also determined (Tamate, 1987).
Metals, such as iron, copper, zinc and manganese, are
essential metals since they play important role in biological
systems, whereas mercury, lead and cadmium are toxic, even
in trace amounts. The essential metals can also produce toxicuction and hosting by Elsevier B.V. All rights reserved.
46 A.S. Alturiqi, L.A. Albedaireffects at high concentrations. Only a few metals with proven
hazardous nature are to be completely excluded in food for
human consumption. Thus, only three metals, lead, cadmium
and mercury, have been included in the regulations of the
European Union for hazardous metals (EC, 2001).
Pastirma and sausage were analyzed for heavy metals, their
levels depend on factors such as environmental conditions,
type of pasture and genetic characteristics of organisms. Fur-
thermore, technological treatments are important for levels
of trace elements in meat products. Heavy metals transfer to
animals and humans through the food chain (Abou-Arab,
2001; Demirezen and Aksoy, 2004).
Industrial wastes and mining can create a potential source of
heavy metal pollution in the aquatic environment (Gumgum
et al., 1994; Lee and Stuebing, 1990). Under certain environmen-
tal conditions, heavymetalsmight accumulate up to toxic concen-
trations and cause ecological damage (Guven et al., 1999). Thus,
heavy metals acquired through the food chain as a result of pol-
lution, are potential chemical hazards, threatening consumers.
The aim of this study was the assessment of Fe, Mn, Cu,
Zn, Pb, Cd and Hg concentrations in edible ﬁsh species, meat
and meat products consumed in Saudi Arabia. Moreover, the
data were assessed by comparing estimates of dietary expo-
sures with recommended dietary allowances (RDA) recom-
mended by the World Health Organization (WHO, 1993).
Materials and methods
Study area and sampling locations
The present study was carried out during 2011 in the major
four urban cities of Kingdom of Saudi Arabia as follow: Cap-
ital Riyadh city represents the middle area, Tabouk city repre-
sents the northern area, Dammam city represent the eastern
area and Jazan city represents the southern area.
Collection of samples
A total of 120 samples of different types of common ﬁsh spe-
cies, meat and meat products were collected during 2011.
These samples classiﬁed into common ﬁsh species (blackspot
emperors, grouper and sardines) were bought from local ﬁsh-
ermen except Riyadh, meat (chicken, veal, sheep and camel)
were bought from local farms and meat products (beef lain,
pastrami, sausage and luncheon) were bought from hypermar-
kets in Riyadh city only. All collected samples were stored in
clean polythene bags according to their type and brought to
the laboratory for preparation and treatment.
Preparation and treatment of samples
The collected samples were washed with distilled water to re-
move any contaminated particles. Then samples were cut to
small pieces using clean ceramic knife. Samples were dried in
an oven at 100 C. After drying the samples were grained into
a ﬁne powder using a ceramic mortar and stored in polyethylene
bags until used for acid digestion.
Acid digestion of samples
Acid mixture (10 mL, 70% high purity HNO3 and 65%
HClO4, 4:1 v/v) was added to the beaker containing 2 g drysample according to AOAC (1995). The mixture was then di-
gested at 80 C till the transparent solution was achieved. After
cooling, the digested samples were ﬁltered using Whatman no.
42 ﬁlter paper and the ﬁltrate was diluted to 50 mL with deion-
ised water. Determination of the heavy metals such as Cu, Zn,
Cd and Pb in the ﬁltrate of vegetables and atmospheric depos-
its was achieved by atomic absorption spectrophotometer
(Shimadzu Model 6800 with graphite furnace Model GFA
7000, Hydride unit was used for determination of mercury).
Statistical analysis
The recorded data were subjected to two-way analysis of var-
iance (ANOVA) to assess the inﬂuence of different variables
on the concentrations of heavy metals in the vegetables tested.
ANOVA for each vegetable was performed separately using
variables such as sites. All the statistical analyses were com-
puted with STAT5 software version 8.Results and discussion
The mean values ± standard deviation of iron, manganese,
copper, zinc, lead, cadmium and mercury concentrations in
the studied three common ﬁsh species are given in Table 1.
The concentrations of heavy elements in the selected studied
species are varied quietly such as, Fe (44.87–250.23), Mn
(7.72–13.99), Cu (2.3–12.05), Zn (16.79–49.43), Pb (3.24–
9.17), Cd (1.17–4.25) and Hg (0.014–0.055 lg/g dry wt.). The
order of the levels of the trace elements obtained from the
three different ﬁsh species in three different sites Fe > Zn >
Mn> Pb > Cu> Cd> Hg (Table 1).
The highest concentration of iron, manganese and zinc were
detected in sardine caught from eastern district, while the min-
imum values were recorded at southern district (Table 1).
Moreover, blackspot emperors and grouper ﬁsh species sus-
tained the lowest Fe, Mn and Zn values. These results were
in agreement with that obtained by Al-Bader (2008) who
showed the minimal values of some trace metals in grouper
(Hammor) in Saudi markets. In addition, Abou Arab et al.
(1996) showed the highest trace metals in imported sardine ﬁsh
in Egypt (0.5–18.9 mg/kg). Copper levels showed different dis-
tribution pattern whereas the highest value of 12.05 lg/g was
recorded in grouper at northern district while the lowest one
was recorded in blackspot emperors at southern district.
Lead was present in range of 3.24–9.17 lg/g. The highest
concentration was detected in sardine at eastern district. The
obtained results are in agreement with that obtained by
Demirezen and Uruc (2006), their results ranged from 11.5
to 13.5 lg/g in ﬁsh species from Turkey. However, the ob-
tained results of lead in the samples exceeds the permissible
levels; 0.4 mg/kg (EC, 2001) and 0.5 mg/kg (FAO, 1983). Lead
causes renal failure and liver damage in humans (Luckey and
Venugopal, 1977).
Cadmium found in the range of 1.17–4.25 lg/kg, also
sardine ﬁsh species was found to contain highest cadmium
contents especially that caught from eastern district. The ob-
tained Cd values are above the EC and FAO limits of
0.1 mg/kg (FAO, 1983). The threshold for acute cadmium tox-
icity would appear to be a total ingestion of 3–15 mg. Severe
toxic symptoms are reported to occur with ingestions of 10–
326 mg. Fatal ingestions of cadmium, producing shock and
Table 1 Heavy metals concentrations (lg/g dry weight) of studied common ﬁsh species in different Saudi districts during 2011.
East North South
Fe Blackspot emperors 85.91 ± 6.23 69.83 ± 1.59 76.43 ± 1.44
Grouper 116.05 ± 7.18 87.22 ± 6.52 44.87 ± 0.64
Sardines 250.23 ± 9.65 158.06 ± 7.89 141.38 ± 3.85
Mn Blackspot emperors 12.66 ± 0.27 8.03 ± 0.31 7.72 ± 0.42
Grouper 13.44 ± 0.23 10.05 ± 0.28 11.57 ± 0.69
Sardines 10.99 ± 0.23 8.22 ± 0.28 10.93 ± 0.56
Cu Blackspot emperors 10.30 ± 0.11 7.26 ± 0.01 2.30 ± 0.08
Grouper 8.76 ± 0.35 12.05 ± 0.41 7.93 ± 0.18
Sardines 8.99 ± 0.33 11.19 ± 0.60 9.74 ± 0.33
Zn Blackspot emperors 28.59 ± 0.42 45.30 ± 1.31 37.80 ± 1.79
Grouper 16.79 ± 0.51 26.63 ± 0.90 21.23 ± 0.42
Sardines 49.43 ± 1.58 40.31 ± 1.92 22.21 ± 0.62
Pb Blackspot emperors 7.64 ± 0.42 6.61 ± 0.60 7.50 ± 0.14
Grouper 7.40 ± 0.70 8.90 ± 0.40 8.18 ± 0.27
Sardines 9.17 ± 0.53 4.30 ± 0.41 3.24 ± 0.09
Cd Blackspot emperors 1.17 ± 0.04 1.38 ± 0.14 1.23 ± 0.07
Grouper 2.40 ± 0.17 3.53 ± 0.20 2.30 ± 0.05
Sardines 2.55 ± 0.15 4.25 ± 0.41 3.17 ± 0.06
Hg Blackspot emperors 0.014 ± 0.003 0.024 ± 0.002 0.026 ± 0.002
Grouper 0.016 ± 0.002 0.036 ± 0.003 0.043 ± 0.006
Sardines 0.055 ± 0.011 0.027 ± 0.020 0.041 ± 0.008
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(NAS-NRC, 1982). On the other hand, mercury was detected
in all studied ﬁsh species in the range of 0.014–0.055 lg/g).
These values are fortunately below the permitted limit of
1.0 mg/kg (EC, 2001) in the edible portion.
The ﬂuctuation of studied metals contents in sardine species
were signiﬁcantly (p< 0.05) higher as compared to those in
the other two species, whereas between the grouper and black-
spot emperors were found to be insigniﬁcantly (p> 0.05).
However, there was relative signiﬁcant variation (p> 0.05)
among the three studied sites.
The levels of iron contents in meat and meat products ran-
ged between 68.7–290.0 and 175.69–242.44 lg/g respectively
(Tables 2 and 3). Chicken found to be containing higher Fe
contents than other studied meats and meat products. These
results are in concordant with that obtained by Demirbas
(1999) in Turkey. It is noticed that Fe contents in the meats
(chicken and camel) were signiﬁcantly (p< 0.05) higher as
compared to those in the other meat and meat products. Iron
in all studied samples fell within the recommended tolerable
levels. The upper tolerable intake level of iron in children
(0 months–8 years) and males/females (14–70 years) is 40 and
45 mg d1, respectively (Institute of Medicine, 2003).
The distribution pattern of manganese in the all samples
showed similar trends as iron and ranged between 0.82–34.42
and 11.79–32.67 lg/g for meats and meat products respec-
tively. Chicken found to be containing higher Mn followed
by luncheon while camel’s meat represents the lowest contentsTable 2 Heavy metals concentrations (lg/g dry weight) of studied
Fe Mn Cu
Beef lain 175.69 ± 6.97 15.73 ± 1.03 14.84 ± 0.40
Pastrami 188.49 ± 5.47 11.79 ± 0.80 11.11 ± 0.38
Sausage 242.44 ± 12.09 18.33 ± 0.73 18.51 ± 0.54
Luncheon 203.06 ± 11.61 32.67 ± 1.45 13.78 ± 0.70among other studied meats and meat products (Tables 2 and
3). Manganese contents showed higher values in chicken and
meat products as compared to those in the other investigated
meats. Chicken and veal maintained the highest Mn concentra-
tions in middle district (Table 3). The analyses of variance for
Mn contents showed similar high signiﬁcance (p< 0.05) in
chicken and camel’s meat as in iron, whereas in the veal, sheep
and meat products there were noticeable insigniﬁcance
(p> 0.05). On the other hand, there were signiﬁcant variation
(p< 0.05) between Mn content in collected meats samples
from middle and southern districts and other districts in Saudi
Kingdom.
According to The National Research Council of Canada
(NRC) the safe and adequate daily intake levels for manganese
recommended range from 0.3 to 1 mg d1 for children up to
1 year, 1–2 mg d1 for children up to age 10, and 2–5 mg d1
for children 10 and older, but our recent data are unsafe for
these aged groups (Institute of Medicine, 2003).
Copper contents of samples ranged between 1.33–13.10 and
11.11–18.51 lg/g for meat and meat products respectively,
camel meat from eastern district has the lowest zinc concentra-
tions, while sausage recorded the highest value (Tables 2 and
3). Cu data showed insigniﬁcance variation (p> 0.05) between
all studied samples. Although, copper is essential for good
health but very high intakes can cause health problems such
as liver and kidney damage (Agency for Toxic Substances
and Disease Registry, 2004). The maximum copper concentra-
tion for meat and meat products has been proposed ascommon meat products in Saudi Kingdom during 2011.
Zn Pb Cd Hg
30.34 ± 1.39 10.02 ± 0.59 3.06 ± 0.16 0.087 ± 0.004
55.56 ± 3.07 14.51 ± 0.59 3.57 ± 0.33 0.097 ± 0.009
65.43 ± 2.06 15.43 ± 1.22 3.33 ± 0.17 0.125 ± 0.013
73.94 ± 3.10 13.86 ± 0.94 4.08 ± 0.18 0.112 ± 0.011
Table 3 Heavy metals concentrations (lg/g dry weight) of studied common meat in different Saudi districts during 2011.
East Middle North South
Fe Chicken 135.29 ± 5.29 290.04 ± 10.94 246.83 ± 6.26 186.33 ± 6.79
Veal 153.89 ± 8.40 96.48 ± 1.94 84.22 ± 2.99 68.72 ± 2.59
Sheep 115.31 ± 3.34 89.78 ± 1.99 70.36 ± 1.01 70.24 ± 0.90
Camel 109.68 ± 3.42 113.07 ± 2.30 75.03 ± 2.74 70.98 ± 4.43
Mn Chicken 21.48 ± 0.84 34.42 ± 1.36 24.18 ± 1.10 22.82 ± 0.73
Veal 1.01 ± 0.37 16.32 ± 0.93 3.83 ± 0.29 3.60 ± 0.27
Sheep 1.01 ± 0.03 0.99 ± 0.07 2.25 ± 0.20 2.31 ± 0.12
Camel 0.88 ± 0.04 1.51 ± 0.04 2.80 ± 0.16 0.82 ± 0.07
Cu Chicken 5.90 ± 0.20 7.88 ± 0.35 2.30 ± 0.08 2.31 ± 0.09
Veal 11.75 ± 0.53 13.10 ± 0.37 12.37 ± 0.18 9.59 ± 0.32
Sheep 4.60 ± 0.21 6.81 ± 0.24 2.56 ± 0.09 3.84 ± 0.13
Camel 1.33 ± 0.07 3.07 ± 0.10 2.82 ± 0.10 3.20 ± 0.11
Zn Chicken 32.37 ± 1.09 36.75 ± 1.70 27.93 ± 0.69 36.93 ± 1.06
Veal 41.72 ± 2.10 44.99 ± 2.13 36.99 ± 1.92 78.15 ± 4.80
Sheep 33.85 ± 1.24 49.55 ± 2.15 39.64 ± 1.86 147.82 ± 3.81
Camel 16.74 ± 0.73 20.71 ± 0.53 23.51 ± 0.66 40.17 ± 2.62
Pb Chicken 7.61 ± 0.31 10.49 ± 0.49 8.80 ± 0.23 8.18 ± 1.12
Veal 6.35 ± 0.53 7.93 ± 0.22 7.76 ± 0.03 5.85 ± 0.03
Sheep 2.62 ± 0.08 4.41 ± 0.14 3.49 ± 0.07 3.57 ± 0.13
Camel 5.48 ± 0.01 4.15 ± 0.13 2.01 ± 0.05 3.21 ± 0.00
Cd Chicken 1.36 ± 0.04 1.68 ± 0.07 1.39 ± 0.03 1.49 ± 0.13
Veal 1.68 ± 0.18 2.02 ± 0.11 1.56 ± 0.12 1.71 ± 0.14
Sheep 1.25 ± 0.02 1.47 ± 0.06 1.39 ± 0.09 1.31 ± 0.04
Camel 1.07 ± 0.02 1.02 ± 0.02 0.91 ± 0.01 0.83 ± 0.07
Hg Chicken 0.011 ± 0.004 0.015 ± 0.007 0.015 ± 0.005 0.009 ± 0.010
Veal 0.054 ± 0.019 0.087 ± 0.008 0.051 ± 0.007 0.032 ± 0.007
Sheep 0.023 ± 0.006 0.011 ± 0.004 0.027 ± 0.006 0.020 ± 0.004
Camel 0.039 ± 0.002 0.054 ± 0.002 0.032 ± 0.003 0.024 ± 0.001
48 A.S. Alturiqi, L.A. Albedair0.90–30 mg d1 person. The copper concentrations obtained
from this study were lower than those recorded by Canli and
Atli (2003).
The obtained results showed that the zinc contents of sam-
ples ranged between 16.74–147.82 and 30.34–73.94 lg/g. The
lowest zinc concentrations were found in camel meat, while
the highest value recorded in sheep meat at southern district.
Zn data showed low signiﬁcance (p< 0.05) in the veal, sheep
and meat products while there were noticeable insigniﬁcance
(p> 0.05) between Zn content in collected meats products.
According to Bartik and Piscac (1981), normal concentra-
tions of zinc in meat samples are 35–45 mg d1 so it appears
that most investigated samples in this study contained high lev-
els of zinc. However, results obtained from this study for zinc
are similar to those recorded by Salisbury and Chan (1991).
These authors stated that zinc concentrations in meat and spe-
cial organs such as kidney and liver ranged from 23 to
147.2 ppm.
Lead was present in the range of 2.01–10.49 and 10.02–
15.43 lg/g in meat and meat products, respectively. The high-
est concentration was detected in sausage at middle district
while the lowest value was detected in camel’s meat of northern
district. However, the obtained results for lead are higher than
the standard permissible levels, 0.4 mg/kg (EC, 2001) and
0.5 mg/kg (FAO, 1983). Lead is known to induce reduced cog-
nitive development and intellectual performance in children
and increased blood pressure and cardiovascular disease in
adults.
The levels of cadmium in all analyzed samples ranged from
0.83 to 2.02 and 3.06 to 4.08 lg/g in meat and meat products
respectively. This is above the guideline of 1.0 mg Cd/kg(EC, 2001) except for the concentration in camel’s meat at
northern and southern districts. Cd data showed high signiﬁ-
cance (p< 0.05) in the veal, sheep and meat products while
there were noticeable insigniﬁcance (p> 0.05) between Cd
content in collected meats products. Cadmium concentrations
in meat increase with the age of the animal and depend on the
concentrations of Cd in the feed (Hecht, 1983). Vos et al.
(1987) stated that cadmium may accumulate in the human
body and may induce kidney dysfunction, skeletal damage
and reproductive deﬁciencies.
Mercury contents of samples ranged between 0.009–0.087
and 0.087–0.125 lg/g for meat and meat products respectively,
chicken’s meat from southern district has the lowest Hg con-
centrations, while sausage recorded the highest value (Tables
2 and 3). Hg data showed insigniﬁcance variation (p> 0.05)
between all studied samples. Hg concentrations obtained from
this study were lower than the permitted mercury limit of
1.0 mg/kg (EC, 2001).
Conclusion
The levels of trace metals in ﬁsh, meat and meat products from
Saudi Arabia were determined. The obtained results suggested
that signiﬁcant differences existed in the concentrations of ele-
ments across both ﬁsh species and meat products. This is lar-
gely related to the organism mobility, food preferences, or to
other characteristics of behavior with respect to the environ-
ment. Most estimated metals indicated healthy risk since their
values are higher than the permissible tolerable levels cited by
internationals committees. Also, the obtained results shows
that human consumers in the middle district (Riyadh city)
Evaluation of some heavy metals in certain ﬁsh, meat and meat products in Saudi Arabian markets 49may be suffer a healthy risk – to some extent – from consump-
tion of meats and meat products when compared with levels
stipulated by the health authorities in the European Union.Acknowledgements
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